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1. The finite element scheme

For the parallel run the finite element scheme was introduced for the

vertical advection terms only. The fields q,.O,V,T are represented by

amplitudes qv,Uv,Vv,Tv on full model levels uv. The vertical velocity 1s

represented by amplitudes 5 v+ 1/2 on half levels 0v+ 1/2. The

approximation equations will be given for q as an example. The

representation by basis functions is assumed to be by linear splines for q
I

and by piecewise constant basis functions for a.

q(or) = E qv ev(ur)

d((ry) = E v+ 1/2bv+ 1/2(u)

with ev(l) being linear for a Gv and



e~(vf)= 1 and ev('it)=O for (1 )

bv+l/2(c) = 1 for Ou < o- < cu+l, bv+1/2(Cu) = 0 otherwise

The equation to be approximated is the advection part of the dynamic

equation

q = q(r (2)

It is approximated using a least square principle with the functional

representation of eqc.( 1 ). The qv are determined by the functional equation

aR/Aqv = O.

with R =f(q- c q)2 W(cr)dc, and q and Cr being given by eq.( 1 ).

The positive weight function w(,) is determined such that the

- t Ak I

(1)



approximation to eq.(2) remains second order accurate even for irregular

grids. This is achieved by choosing the same piecewise constant

functional representation for w(c) as for o-, with

w(Cv+ 1/2)=1/(a+ 1 - au)2 (4)

The accuracy of advection is considerably improved compared to the

operational scheme, which is only first order on irregular grids. For

regular grids the operational scheme is second order accurate and the

finite element scheme has a fourth order accuracy.

This higher order scheme has a lower critical CFL number and would

therefore require a reduced timestep for cases of very strong vertical

velocity. However, with the present operational timestep there is no

danger of numerical instability for this reason, since the CFL number is

checked during the integration. if it exceeds a critical value, these

gridpoints are computed by the operational scheme. In the present parallel

run the theoretical critical CFL number of .7 has not been reached, even

though the forecast has on occasions come close to this value.

2 Results

The parallel run started on 1990/6/16-OZ. The finite element model was

used for 6 hour first guesses in the assimilation system as well as for 10

day forecasts from OZ each day. First, the system was run for 4 days for
the advection of moisture only. This moisture only scheme had only a



smail impact in terms of the 500mb and 1000Imb height fields. At day 5

the correlation between the parallel and operational runs was greater

than 99%. The full finite element scheme was introduced on 6/19-12Z. A

small reduction of the first guess error of height could then be observed,

as shown in fig. 1. Consistent with previous. experience most relevant

changes occur after day 5. However, some differences can be observed

earlier. Fig 2a,b show the rainfall at 48 hr for the finite element and the

operational run starting at 90/6/25. There is a very great similarity

between the two forecasts in respect to the rainfall patterns. The

amplitudes, however, show rather significant differences. This is

reflected in differences of the globally averaged precipitation, as shown

in fig. 3, which gives the global precipitation as a function of forecast

time for the forecasts starting 90/6/25. The finite element forecast has
a more constant rainfall rate than the operational run. Fig. 4 shows the

same diagram for the forecast starting 90/6/28, which displays a similar

difference between the two model versions.

There have been two occurrences of significant differences in short range

forecasts. Fig. 5 shows the two day surface pressure forecast starting

90/6/21 and fig.6 gives the corresponding forecast for the MRF model. The

main difference concerns the low over the east coast of the USA, which is

predicted 4 mb deeper by the finite element model. Also, the finite

element model produces only one center of the low, whereas the MRF

forecast has two centers. The one day MRF forecast verifying on the same

day is shown in fig.7. It supports the 48hr finite element forecast in

producing also only one center of the low. The verification of the limited

area analysis is shown in fig. 8. it is in good agreement with the 48 hr

finite element forecast.. Fig. 9 shows the 48 hr forecast starting 90/6/28, and fig 10 gives the

same forecast for the MRF model. The main difference is the position of



the low over central USA, which is more to the northeast with the finite

element forecast. The 24 hr MRF forecast, shown in fig. 11, agrees with

the 48 finite element forecast, in connecting this low with that In the

north Atlantic. The verifying analysis, given in fig. 12 confirms the more

north westerly position of this low.

The five day forecasts starting 1990/6/28. shown in fig. 13 for the

finite element forecast and in fig. 14 for MRF, differ quite substantially.

The verifying analysis is given in fig. 15. The main difference is the

strongly developed Atlantic low forecasted by the MRF, which is

forecasted much weaker by the finite element model, in accordance with

the verifying analysis. There are also differences in the forecast of the

complex low over central USA and that on the east coast, as well as the

ridge near 900 west. There is more indication of the last two features in

the finite element forecast than with the MRF model. There are more

differences between the two forecasts, which indicate a greater

sensitivity of the MRF model to the finite element discretisation than

previously experienced in the ECMWF model. This increased sensitivity is

consistent with the results of experiments done before the parallel run.

Five day verifications are available from 6/20 to 7/ 1. The anomaly

correlations of height for the northern hemisphere are shown in fig. 16 for

100Omb and 500mb. There is an average increase of skill of 2% at 1000mb

and of Oo3% at 500mb. For the southern hemisphere the scores were

negative on the average. However, there was a great spread in these

forecasts, and the sample is too small to obtain a significant result. The

effect of the finite elements on the mean error of the lower levels was

not systematic. However, at 200mb the MRF model shows consistently

negative mean errors of height. This feature was systematically improved

by the finite elements Table 1 gives the mean error of height at day 5 for

the MRF and finite element models. There is a considerable reduction of
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this error for every day of the assimilation. The same is true for the

southern hemisphere, even for days where the anomaly correlations are

worse with the finite elements than for the MRF.

Date

6/20
6/21

6/22

6/23
6/24
6/25

6/26

1 6/27
6/28
6/29
6/30

7/01

Table I Mean

MRF

-19.5

-19.2

-19.3

-26.3

-19.1

-19.2

-22.5

-. -27.2

-36.9

-22.1

-26.9

-23.4

errors of height,

finite elements

-10.6

- 8.5

- 9.1

-17.5

-12.8

-11.6

-15.2

-17.6

- 7.8

-13.0

-15.3

-15.4

northern hemisphere at 200mb.
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List of figures:

fig. 1: First guess error of height against radiosondes, pry: finite

elements, MRF, operational

fig.2: Rainfall for the 48 hr forecast staring 1990/6/25, a, MIRF

b, finite elements

fig.3: Globally averaged rainfall for forecast from 1990/6/25 as function

of time for forecast from 1990/6/25.

fig.4: As fig. 4, for forecast starting 1990/6/28.

fig.5 48 hr forecast of surface pressure for the finite element model,

starting 1990/6/21 :
fig.6: As fig.5, for the MRF model.

fig.7: 24 hr forecast of surface pressure of the MRF model, starting

1990/6/22:
fig.8: Verifying limited area analysis for figs5,6,7.

fig.9: 48 hr forecast of surface pressure for the finite element model,

starting 1990/6/28

fig.10: As fig.9, for the MRF model.

fig. 11: 24 hr forecast of surface pressure of the MRF model, starting

1 990/6/29 .
fig. 12: Verifying analysis for figs. 9, 1 0, 11.

fig. 13; 120 hr forecast of surface pressure for the finite element model,

starting 1990/6/28:
fig. 14: As fig. l 3, for the MRF model.

fig. 15: Verifying analysis for figs. 13,14.
fig.16: Difference of anomaly correlations of height of finite element

minus MRF model for 1000mb and 500mb and averaged values for the

period 1 990/6/20 to 1 990/7/ 1.
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